Late Paleozoic and Mesozoic intrusive rocks from the Wallowa and Olds Ferry arc terranes of the Blue Mountains Province, Oregon-Idaho, provide constraints on the paleogeographic and tectonic setting of magmatism preserved in both arcs. Sr, Nd, and Pb isotopic data show that the Wallowa terrane represents an isotopically depleted, juvenile intra-oceanic island arc. By contrast, isotopic data for intrusive rocks of the Olds Ferry arc are more isotopically enriched, and thereby establish a clear distinction between the two arcs. This distinction strengthens paleogeographic interpretation of the Olds Ferry terrane as a fringing continental arc, and it provides a basis for correlation to other inboard Cordilleran arc terranes including Quesnellia and Stikinia. The Wallowa terrane is by contrast more similar geologically and isotopically to the outboard Insular terranes.
INTRODUCTION
Our understanding of the late Paleozoic to Mesozoic tectonic evolution of the Cordilleran orogen of western North America depends on the ability to reconstruct a comprehensive geo logic history for individual accreted terranes. Establishing a thorough geologic framework involves characterizing essential elements including the lithostratigraphy, structure, petrology, and geochemistry of the constituent rocks within targeted field areas, and placing these data within a precise spatial and tempo ral context. Our understanding of the tectonic evolution of the accreted terranes of the Blue Mountains Province of northeastern Oregon and western Idaho (Fig. 1) has been hampered by a lack of many of these key data types. As with many of the Paleozoic to Mesozoic litho tectonic assemblages exposed along the west ern Cordillera, constituent terranes of the Blue Mountains Province are largely obscured by extensive Cenozoic cover, such as the thick vol canic sequences of the Columbia River Basalt Group (Fitzgerald, 1982; Swanson et al., 1981) . Regional uplift, faulting, and associated erosion of the Snake River and its tributaries have pro duced only limited exposures of the Paleozoic to Mesozoic "basement" (Brooks et al., 1976; Mitchell and Bennett, 1979) . Exposures such as these provide rare opportunities to study the detailed history of the late Paleozoic to Meso zoic assembly and accretion of the Blue Moun tains Province.
The rocks of the Blue Mountains Province comprise an assemblage of volcanic arc terranes, sedimentary basins, and mélange complexes that record a protracted history of Permian to Cretaceous subduction, magmatism, and accre tion of oceanic crustal fragments to western North America (Brooks et al., 1976; Vallier et al., 1977; Brooks and Vallier, 1978; Dickin son, 1979; Silberling et al., 1984; Vallier, 1995; Gray and Oldow, 2005; Dorsey and LaMaskin, 2007; Schwartz et al., 2010; LaMaskin et al., 2015) . The Wallowa arc terrane (WA) and the Olds Ferry arc terrane (OF) represent two of the four major lithotectonic units that underlie the area (Brooks and Vallier, 1978; Dickinson, 1979; Silberling et al., 1984; Vallier, 1995) . Pro posed tectonic models for the Blue Mountains Province rely heavily on the character of mag matism preserved in these arcs, as well as their paleogeographic constraints. Exposed basement rocks from both of these arc terranes offer criti cal information pertaining to their magmatic his tories and paleogeography. Kurz et al. (2012) provided a detailed geologic framework of the www.gsapubs.org | Volume 9 | Number 2 | LITHOSPHERE magmatic and deformational history of the Cou gar Creek complex (CCC), one of several base ment complexes that manifest the midcrustal levels of the WA (Fig. 1) . However, questions pertaining to the precise geologic setting of the WA still remain. In addition, an indepth account of the timing, duration, and geochemistry of the OF has yet to be determined.
In this study, we present new traceelement and Sr, Nd, and Pb isotopic data for Permian and Triassic intrusive rocks of the WA and OF arc terranes. These geochemical and isotopic data for magmatic rocks of the WA and OF terranes are also placed within temporal context using new highprecision UPb zircon crystallization ages. These new data particularly clarify the age and duration of igneous activity in both arcs by distinguishing distinct unconformitybounded cycles of magmatism. These new data from both arc terranes help to distinguish their paleoge ography and tectonic affinity and allow, for the first time, a thorough comparison between arc terranes from the Blue Mountains Province and those located in the Canadian Cordillera.
Isotopic characterization of late Paleozoic and early Mesozoic magmatic rocks of the WA and OF arc terranes also provides valuable insights into regional lithospheric structure and the composition of mantle reservoirs that may have impacted subsequent Cenozoic petroge netic processes. Isotopic analyses for the older magmatic rocks (i.e., prior to Late Jurassic sutur ing) from the WA and OF arc terranes are sparse. The isotopic characteristics of these two arcs have been assumed to be the same based on the initial 87 Sr/ 86 Sr ratios of a few postaccretion plu tons from the WA terrane alone (Armstrong et al., 1977) . Therefore, previous work has defined chemically distinct lithospheric provinces based on the isotopic character of the intraoceanic WA terrane only and has not specifically addressed the separate role of the OF fringing arc within this context. The potential influence of a more diverse OF lithosphere on the petrogenesis of subsequent magmatic episodes in the region has also not been investigated (e.g., basaltic and rhyolitic volcanism in the western Snake River Plain and Owyhee Plateau). In this study, isoto pic data for late Paleozoic and early Mesozoic intrusive rocks from the OF and WA arc terranes are combined with ~1600 igneous rock analy ses gathered from the literature and the North American Volcanic and Intrusive Rock Database to test hypotheses of regional lithospheric archi tecture (cf. Leeman et al., 1992) and explore the role of inherited arcrelated mantle in the petrogenesis of younger basalt magmatism in the region.
GEOLOGIC FRAMEWORK
The Blue Mountains Province of north eastern Oregon and western Idaho consists of four preCenozoic tectonostratigraphic assem blages ( Fig. 1 ): the Wallowa (WA) and Olds Ferry (OF) arc terranes, the Baker accretion ary terrane (which incorporates the Grindstone terrane of Blome and Nestell, 1991) , and the Izee Basin terrane (Brooks et al., 1976; Vallier et al., 1977; Brooks and Vallier, 1978; Dickin son, 1979; Silberling et al., 1984; Vallier, 1995; Dorsey and LaMaskin, 2007; Schwartz et al., 2010; Kurz et al., 2012) . Regional uplift and subsequent incision through a thick carapace of Cenozoic cover (primarily voluminous succes sions of the Columbia River Basalt Group) have exposed a number of intrusive basement com plexes throughout the Blue Mountains Province (Fig. 1 ). In the following sections, we provide a brief overview for the WA and OF arc terranes, and descriptions for specific exposures of arc basement rocks that we have used as our primary field laboratories. The scope of this study does not include direct comparisons of these intrusive rocks with rocks of the Baker or the Izee ter ranes, and thus a detailed description of these terranes is not provided. Schwartz et al. (2010) and LaMaskin et al. (2011) provided recent and Isotopic compositions of intrusive rocks, Wallowa and Olds Ferry arc terranes | THEMED ISSUE thorough descriptions for both the Baker and Izee terranes, respectively.
Wallowa Arc Terrane
The WA terrane (Silberling et al., 1984) , also known as the "Wallowa Mountains-Seven Devils Mountains volcanic arc terrane" (Brooks and Vallier, 1978) , or the "Seven Devils ter rane" (Dickinson and Thayer, 1978) , ranges in age from Middle Permian to Early Cretaceous (Vallier, 1995) . Stratified felsic volcanic and volcaniclastic sequences of Permian (Guadalu pian) age (i.e., Hunsaker Creek Formation and portions of the Clover Creek Greenstone in the Wallowa Mountains area) comprise the oldest known supracrustal rocks in the WA (Vallier, 1967 (Vallier, , 1977 (Vallier, , 1995 Vallier, 1967 Vallier, , 1977 Vallier, , 1995 . Late Triassic (late Carnian and early Norian) and Early Jurassic massive carbonate deposits and sandstonemudstone fly sch sequences unconformably overlie the Perm ian and Triassic volcanic assemblages (Vallier, 1977 (Vallier, , 1995 . The Pittsburg Landing area in Hells Canyon and Hammer Creek area in the Salmon River canyon host Early Jurassic volcanic and volcaniclastic rocks (informally named Hammer Creek assemblage; Vallier et al., 2016) , and an overlapping assemblage of Late Jurassic age (Coon Hollow Formation) overlies the Permian, Triassic, and Early Jurassic rock units uncon formably in northern Hells Canyon (LaMaskin et al., 2011 (LaMaskin et al., , 2015 .
Exposures of WA midcrustal rocks occur at several locations throughout the Blue Moun tains Province, especially within the Snake and Salmon River canyons (Fig. 1 ). These include, but are not limited to, the Sparta complex located west of Richland, Oregon (Prostka and Bateman, 1962; Almy, 1977; Phelps, 1978 Phelps, , 1979 Phelps and Avé Lallemant, 1980; Vallier, 1995) , the Oxbow complex near Oxbow, Oregon (Balcer, 1980; Schmidt, 1980; Avé Lallemant et al., 1980 Vallier, 1995) , the Cougar Creek complex located just south of Pittsburg Landing, Idaho (Balcer, 1980; Vallier, 1995; Kurz, 2001; Kurz and Northrup, 2008; Kohn and Northrup, 2009; Kurz et al., 2012) , and the Wolf Creek-Deep Creek and Imnaha plutonic complexes near the confluence of the Snake and Imnaha Rivers (Mor rison, 1963; Chen, 1985; Vallier, 1995) .
Cougar Creek Complex
The Cougar Creek complex (CCC) is exposed along 10 km of the Snake River in Hells Canyon from Temperance Creek to Pittsburg Landing, Idaho (Fig. 1) . Similar basement exposures are described in the Salmon River canyon, near White Bird, Slate Creek, and Lucile, Idaho, and also to the northeast along the South Fork of the Clearwater River (Walker, 1986; Vallier, 1995; Kauffman et al., 2014) . The CCC represents a regionally significant feature, assuming these easterly exposures are correlative (Vallier, 1995) . The CCC contains numerous dikes and small plutons that record Middle Permian to Early Tri assic felsic calcalkaline magmatism and Late Triassic mafic to intermediate tholeiitic igneous activity (Walker, 1986 (Walker, , 1995 Kurz et al., 2012) .
Metamorphism and deformation in the CCC occurred under lower to upper greenschistfacies conditions (Avé Lallemant, 1995; Vallier, 1995; Kurz, 2001; Kurz and Northrup, 2008; Kohn and Northrup, 2009 ). The CCC and adjacent rocks of the Permian Hunsaker Creek Formation of the Seven Devils Group record two distinct epi sodes of deformation (Kurz et al., 2012) . Older D1 deformation is documented in the Hunsa ker Creek Formation and is characterized by prominent foliation, lineation, folding, and other mesoscopic and microscopic structures that indicate a dominantly rightlateral kine matic regime with minor leftlateral structures (Kurz, 2001; Kurz et al., 2012) . D1 deformation is broadly constrained by the Middle Permian (Wordian or Capitanian) fossil age of the Hun saker Creek Formation (Vallier, 1967 (Vallier, , 1977 and the Late Triassic (ca. 229.43 ± 0.08 Ma) cross cutting Suicide Point pluton (Kurz et al., 2012) . Younger D2 deformation involved Late Triassic (ca. 229.43 ± 0.08 Ma to 229.13 ± 0.45 Ma) synmagmatic leftlateral, strikeslip mylonitic shearing associated with sinistraloblique sub duction (Avé Lallemant et al., 1985; Avé Lal lemant, 1995; Kurz and Northrup, 2008; Kurz et al., 2012 Ar cooling ages have been interpreted as the mini mum age for peak metamorphism and deforma tion (Balcer, 1980; Walker, 1986; Avé Lallemant, 1995; Snee et al., 1995; Vallier, 1995; Gray and Oldow, 2005) . However, subsequent interpreta tions of combined quartz recrystallization tex tures (Kurz and Northrup, 2008) , titaniumin quartz thermometry (Kohn and Northrup, 2009) , and highprecision UPb ages for magmatic rocks show that hornblende cooling ages likely correspond to magmatic cooling as opposed to metamorphism (Kurz et al., 2012) .
Salmon River Canyon
Plutonic basement rocks are exposed at sev eral locations along the Salmon River canyon near White Bird, Slate Creek, and Lucile, Idaho, and likely represent continuations of WA arc basement present in the CCC ( Fig. 1 ; Walker, 1986; Vallier, 1995; Schmidt et al., 2009; Kurz et al., 2012; Kauffman et al., 2014) . Previous geochronologic data for intrusive rocks in the Salmon River canyon include multigrain zircon fractions from a mylonitic tonalite unit and one trondhjemite body, which yielded UPb ages of 258 Ma and 260 Ma, respectively (Walker, 1986) . In this study, three samples were collected from the "metatonalite" map unit described in detail by Schmidt et al. (2009) : the metatonal ite (SAL0901), a basalt dike that clearly cross cuts the metatonalite (SAL0902), and a late stage hornblenderich comagmatic phase of the metatonalite unit (SAL0903). The crosscutting basalt dike may also coincide with lithologies that define the "finegrained greenstone" map unit of Schmidt et al. (2009) . Crosscutting relationships between older and felsic, coarse grained plutonic rocks and later fine to coarse grained mafic to intermediate intrusive units are commonly observed to the west in the CCC (Kurz, 2001; Kurz et al., 2012) .
Oxbow Complex
The Oxbow complex (OXC) is exposed along the Snake River near Oxbow, Oregon (in the type locality), and extends to the northeast toward Cuprum, Idaho, along Indian Creek (Figs. 1 and 2). The OXC is lithologically and structur ally similar to the CCC; major rock types include basalt, rhyolite, diabase, gabbro, diorite, quartz diorite, tonalite, trondhjemite, and their meta morphosed and deformed equivalents (Vallier, 1967; Phelps, 1978; Balcer, 1980; Schmidt, 1980; Avé Lallemant et al., 1985; Avé Lallemant, 1995; Vallier, 1995) . Like the CCC, the OXC is also inferred to be the basement to the WA (Avé Lal lemant, 1995; Vallier, 1995) . Most rocks in the OXC were deformed and recrystallized under greenschist to amphibolitefacies conditions (Vallier, 1967 (Vallier, , 1995 . Many lithologic contacts have been either altered through strong deforma tion or are gradational, which obscures the origi nal nature of some crosscutting relationships.
Tectonic fabrics in the OXC include well developed NESW-trending protomylonitic to ultramylonitic foliation that dips moderately to steeply to the NW or SE, and NESW-trend ing, horizontal to subhorizontal stretching linea tions defined by deformed and/or aligned min eral grains (Schmidt, 1980; Avé Lallemant, 1995; Vallier, 1995) . Mesoscopic and microscopic analysis of mylonitic rocks indicated leftlateral transport analogous to the CCC (Schmidt, 1980; Avé Lallemant et al., 1985; Avé Lallemant, 1995 Ar plateau ages range from 214 Ma to 228 Ma (Phelps, 1978; Avé Lallemant et al., 1980; Balcer, 1980) (Walker, 1986) . Two multigrain fractions from a deformed tonalitic pluton yielded discordant (minimum) UPb zir con ages of 225-222 Ma. Unpublished bedrock geology mapping by Vallier provided the base for field investigation and sample collection in this study (Fig. 2) . Vol canic and volcaniclastic sequences of the Perm ian Windy Ridge and Hunsaker Creek Forma tions of the Seven Devils Group (Vallier, 1977) border intrusive rocks of the OXC to the north west. The Windy Ridge Formation consists of metamorphosed volcaniclastic and felsic (rhyo litic) pyroclastic lithologies including rhyolite tuff, tuff breccia, and very rare flows and dikes that are tectonically mixed with intrusive rocks of the OXC in some places (Vallier, 1977) . No age data (radioisotopic or paleontological) have been obtained from the Windy Ridge Forma tion. The Hunsaker Creek Formation is Permian (Capitanian or Wordian) in age based on fossil occurrences, and it consists of rhyolite flows and dikes; pyroclastic deposits consisting of rhyo litic blockandash flows, tuff, and lapilli tuff; and epiclastic deposits of breccia, conglomerate, sandstone, and siltstone (Vallier, 1977 (Vallier, , 1995 Vallier et al., 2016) . The Hunsaker Creek Forma tion is locally separated from the Windy Ridge Formation by a highangle fault, but elsewhere it overlies grayishgreen volcaniclastic rocks of the upper Windy Ridge Formation. More thorough descriptions of the Windy Ridge and Hunsaker Creek Formations were published in Vallier et al. (1977) .
Intrusive map units of the OXC include dike complexes composed of variable proportions of felsic (mostly tonalite and trondhjemite) and mafic (gabbro, diabase, and basalt) intrusions (Fig. 2) . A sheared rhyoliteamphibolite unit (Pora) is possibly the oldest unit in the OXC, and it contains plagiorhyolite (low amounts of K 2 O and CaO, and high Na 2 O contents) and mafic dikes that probably fed the overly ing and adjacent Windy Ridge and Hunsaker Creek Formations. Plagiorhyolites have not been identified regionally in Triassic stratified and intrusive rocks, and their occurrence within a WA sequence of rocks implies a Permian age. A sheared tonaliteamphibolite unit (PTRota) consists of mylonitic tonalite, gabbro, and basalt dikes. Field observations indicate older and more intensely deformed tonalitic bodies are crosscut by later mafic bodies that often exhibit lesser degrees of deformation. A sheared amphibolite unit (PTRoa) is composed entirely of deformed gabbro, diabase, and basalt intrusions, locally exposed at the mouth of Indian Creek and across the Snake River on the Oxbow (Fig. 2) . The rhyoliteamphibolite, tonaliteamphibolite, and amphibolite dike units described here may represent a continuous unit containing variable proportions of felsic versus mafic material.
A gabbrodiabase unit (PTRogd) is charac terized by medium to finegrained dikes and tabular intrusive units that exhibit relatively less deformation compared to adjacent rocks within the sheared tonaliteamphibolite unit. Rocks from the gabbrodiabase unit may represent the lessrecrystallized/deformed equivalents of "amphibolite" lithologies comprising the sheared dike units described in the previous paragraphs. A comparatively larger mediumgrained quartz diorite pluton (Poqd) crops out northwest of Indian Creek and records variable amounts of crystalplastic recrystallization expressed by poorly to welldeveloped mylonitic foliation that parallels the dominant NESW structural grain of the OXC. Mylonitic fabrics are weaker in the interior portion of the pluton and increase in intensity along its southeastern margin adja cent to the sheared tonaliteamphibolite and amphibolite units. Sample OX0802 was col lected from this pluton for UPb geochronology. A small gabbro intrusive body (PTRog) borders the quartz diorite (PTRoqd) along its northeast ern margin and is interpreted to be genetically related to the quartz diorite. A small body of darkgray to black, very finegrained foliated rock interpreted as a possible roof pendant records foliation parallel to the NESW struc tural grain of the OXC.
In the southwestern corner of the Oxbow 7.5 min quadrangle, just north of Brownlee Dam along the BrownleeOxbow Highway, another window of Permian and Triassic rocks is exposed (Fig. 2B) . A coarsegrained quartz dio rite (Pwqd) comprises the only plutonic lithol ogy in the area. This pluton records prominent thrustsense faulting that may be related to the nearby Wildhorse shear zone, which juxtaposes rocks of the WA and the Baker terranes within the Wildhorse River canyon located approxi mately 2 mi (3.2 km) to the east (Mann and Vallier, 2007) . Sample OX0808 was collected from this quartz diorite for UPb geochronol ogy. Volcanogenic and marine sequences of the informal Wildhorse formation (Mann, 1988) are locally juxtaposed with this quartz diorite (along the Snake River; Fig. 2B ), but they are also described to unconformably (?) overlie similar intrusive rocks in the Wildhorse River canyon (Mann and Vallier, 2007 (Mann and Vallier, 2007) .
Olds Ferry Arc Terrane
With respect to the North American conti nent, the OF is the most inboard tectonostrati graphic unit of the Blue Mountains Province, and is considerably less exposed relative to the WA (Fig. 1) . The OF has been referred to as part of the "volcanic arc terrane" , as the "Juniper Mountain-Cuddy Moun tain arc terrane" (Brooks and Vallier, 1978) , the "Huntington volcanic arc terrane" (Brooks, 1979) , the "Huntington arc" (Mullen and Sarewitz, 1983) , and the "Huntington arc ter rane" (Dickinson, 1979) , and it was eventually mapped as the "Olds Ferry terrane" (Silberling et al., 1984) . Several paleogeographic interpre tations for the OF have been proposed in pre vious studies. One interpretation suggests that the OF evolved within an oceanic setting as a younger arc component built upon the older WA, forming a "twostage" composite islandarc sys tem (Vallier, 1995) . Other work has speculated that the OF represents a separate arc system (independent of the WA) that fringed the North American craton (Miller, 1987; Saleeby et al., 1992; Dorsey and LaMaskin, 2007; Schwartz et al., 2010) .
Volcanic, volcaniclastic, carbonate, and clas tic sedimentary rocks of the lower and upper members of the Huntington Formation com prise the bulk of the OF supracrustal rock record (Brooks et al., 1976; Brooks, 1979; Dorsey and LaMaskin, 2007; Tumpane, 2010; Northrup et al., 2011) . The lower member of the Huntington Formation consists primarily of mafic to inter mediate massive lava flows, volcanic breccias, and subordinate volcaniclastic, conglomerate, and carbonate lithologies (Juras, 1973; Dorsey and LaMaskin, 2007; Tumpane, 2010) . The upper member of the Huntington Formation is distinguished by abundant volcaniclastic and sedimentary lithologies such as volcanic sand stone, turbidites, conglomerates with cobble to bouldersized clasts, and laminated shale. An additional contrast is the apparent increase in fel sic volcanic rocks within the upper Huntington Formation (Dorsey and LaMaskin, 2007; Tump ane, 2010; Northrup et al., 2011) . The Lower to Middle Jurassic Weatherby Formation (Brooks, 1979) (Brooks, 1967 (Brooks, , 1979 Juras, 1973; Hendricksen, 1975; Tumpane, 2010; Northrup et al., 2011) .
Paleontologic data from previous studies of the Huntington Formation place these domi nantly volcanogenic rocks in the Late Trias sic (late Carnian to Norian; Brooks and Vallier, 1978; Brooks, 1979; Vallier, 1995) . Recent high precision isotope dilution-thermal ionization mass spectrometry (IDTIMS) UPb geochro nologic data (Tumpane, 2010) (Tumpane, 2010) . A precise age for the bottom of the upper Huntington section has not been determined.
Exposures of intrusive basement rocks of the OF are limited, requiring the use of mul tiple field areas to obtain a representative suite of samples. For this study, we conducted field investigations near the town of Huntington, Ore gon, along Brownlee Reservoir, in the Dennett Creek area near the historic mining town of Mineral, Idaho, and within Rush Creek canyon, located northwest of Cambridge, Idaho. Next, we provide a brief description for key relation ships documented in each of the field areas used in this study.
Plutonic Basement Rocks near Huntington, Oregon
A coarsegrained trondhjemite (TRb; HT04 04) represents the primary intrusive body exposed in this area, located ~2.5 mi (4 km) north of the confluence between the Burnt River and the Snake River (i.e., Brownlee Reservoir) along Snake River road in Oregon (Fig. 3) . This trondhjemite is also exposed to the east across Brownlee Reservoir in Idaho, and it is referred to as the Brownlee trondhjemite in this study. Another small body of tonalite (TRb; HT0702) is exposed on the Idaho side of Brownlee Res ervoir about 1 mi (1.6 km) south of the main Brownlee pluton. This small unit is more mela nocratic compared to the Brownlee trondhjemite, containing a larger proportion of altered horn blende, but it is interpreted as a portion of the same pluton.
The Brownlee trondhjemite has been vari ously interpreted as being intrusive into the Huntington Formation (Juras, 1973; Brooks et al., 1976) , or as basement upon which the Hun tington Formation was deposited (Vallier, 1995; Tumpane, 2010) . Field relationships recently documented by Tumpane (2010) show that the Brownlee trondhjemite represents the deposi tional basement for both the lower and upper members of the Huntington Formation. This stratigraphic relationship also agrees with new Isotopic compositions of intrusive rocks, Wallowa and Olds Ferry arc terranes | THEMED ISSUE and existing geochronologic and paleontologic age constraints for the tonalite and the Hun tington Formation (Brooks, 1979; Walker, 1986; LaMaskin, 2008; Tumpane, 2010) .
Dennett Creek near Mineral, Idaho
Intrusive rocks exposed in the Dennett Creek area were most recently mapped by Payne and Northrup (2003) as the composite Iron Moun tain granodiorite, consisting of equigranular granite, monzonite, hornblende quartz diorite, and smaller outcrops of hornblende ± plagio clase porphyry within the surrounding country rocks. At least one component from the compos ite Iron Mountain granodiorite has been dated at 200 ± 4 Ma by KAr in biotite, indicating Early Jurassic cooling (Hendricksen et al., 1972) .
Further geologic mapping conducted during this study identified three distinct intrusive units in the Dennett Creek area. A hornblendebiotite granodiorite (i.e., Iron Mountain granodiorite [TRhgd] ; DC0706) represents the primary intrusive unit within the Dennett Creek drainage (Fig. 4) . A biotite granodiorite (TRbgd; DC08 07) was distinguished in the eastern portion of the map area based on the abundance of biotite as a primary mafic mineral and higher quartz contents relative to the granodiorite within the Dennett Creek drainage to the west. Small exposures of hornblendeplagioclase porphyritic hypabyssal andesite (Tha) located throughout the field area are usually observed intruding the Big Hill shale (Jbhs), which is correlative to the Lower to Middle Jurassic Weatherby For mation (Brooks, 1979; Tumpane, 2010 ). An excellent example of this intrusive relationship is documented in a small drainage southwest of Mineral (location of sample DC0801; Fig. 4 ). Intrusive rocks exposed to the west near Look out Mountain in Oregon exhibit chilled margins described as "hornblende andesite" similar to the Eocene lithologies observed near Dennett Creek (Prostka, 1967) .
Rush Creek Canyon
Plutonic basement rocks of the OF are exposed in the footwall block of the Rush Peak fault in the Cuddy Mountains of western Idaho (Figs. 1 and 5 ). Intrusive lithologies include gabbro (RC0706; TRgb), quartz diorite (RC07 03; TRqd), porphyritic granodiorite (RC0804; TRpg), and biotite granite (RC0705; TRgr). The gabbro unit is locally foliated and exhibits outcropscale magmamixing textures with the quartz diorite map unit (TRqd). Additional map unit descriptions were compiled from previous work in Smith and Wood (2001) and Smith (2003) and references therein. Previous KAr ages for these intrusive rocks range from 216 Ma to 190 Ma (Hendricksen et al., 1972) .
ANALYTICAL METHODS
Wholerock traceelement abundances were analyzed on a Thermo Scientific XSeries 2 quadrupole inductively coupled plasma-mass spectrometer (ICPMS) at Boise State Univer sity. Accuracies of ICPMS analyses are esti mated at <5% for trace elements. Isotopic com positions and parentdaughter ratios for RbSr, SmNd, and common Pb were measured by mul ticollector IDTIMS, using methods described in the Data Repository item 1 . Sample preparation and analytical methods for UPb geochronol ogy by IDTIMS are also described in the Data Repository item, as well as in Kurz et al. (2012) .
Concordant UPb dates (considering decay constant errors) were obtained from 60 individu ally analyzed zircon grains from the eight dated samples (Data Repository materials and Tables S1-S2) and are illustrated on conventional con cordia diagrams in Figures 6 and 7. Each sample yielded a majority cluster of equivalent single zircon 206 Pb/ 238 U dates that we interpret as the igneous crystallization age of the zircons, which approximates the solidification age of the pluton. We discarded from age calculations the minority of grains with dates that were resolvable from the majority cluster at the 95% confidence inter val. Relatively more common outliers with older dates were interpreted as antecrysts from an earlier magmatic episode or composite grains with xenocrystic cores, while rare outliers with younger dates were interpreted to have severe Pb loss not completely mitigated by chemical abrasion. Nonsystematic errors on the sample weighted mean ages are reported in the text and Table 1 as internal 2s for those samples with probability of fit of >0.05 on the weighted mean date. For one sample with probability of fit <0.05, errors are at the 95% confidence interval, which is the internal error expanded by the square root of the mean squared weighted deviation (MSWD) and the Student's t multiplier for n -1 degrees of freedom (Ludwig, 2003) . These error estimates should be considered when comparing our 206 Pb/ 238 U dates with those from other laboratories that used the EARTHTIME tracer solution or one that was calibrated using EARTHTIME gravimetric standards. When comparing our dates with those derived from other decay schemes (e.g., 40 Ar/ 39 Ar, 187 Re 187 Os), the systematic uncertainties in tracer calibration (0.03%) and the 238 U decay constant 1 GSA Data Repository Item 2016220, Tables S1-S5 (age, trace-element geochemistry, Sr-Nd-Pb isotope geochemistry, isotope mixing model parameters), sample preparation and analytical techniques, and literature data references, is available at www .geosociety.org /pubs /ft2016.htm, or on request from editing@geosociety.org.
(0.106%) should be added to the internal error in quadrature.
GEOCHRONOLOGY
The temporal resolution of UPb zircon ages determined through IDTIMS has greatly increased due to: (1) significant reduction of common Pb blank contributions; (2) analysis of single zircon and/or crystal fragments; and (3) implementation of aggressive annealing and chemical abrasion procedures to reduce or elimi nate the effects of Pbloss (Bowring and Schmitz, 2003; Mundil et al., 2004; Mattinson, 2005; Mat zel et al., 2006; Schoene et al., 2006) . The result ing ability to parse time at a much higher resolu tion has challenged the previous assumption that a zircon date can be simply interpreted as the time a pluton had fully crystallized. In this paper, we utilize terminology from Miller et al. (2007, and references therein) to help describe charac teristics in zircon age systematics observed in samples from the CCC and provide a common foundation for the interpretation of our data. We use the terms "autocryst," "antecryst," "xeno cryst," and "inherited grain" or "inheritance" to describe temporal interpretations of indi vidual zircon grains and/or clusters of analyses. To review, an autocryst is a zircon crystal for which crystallization or growth is exclusively associated with a distinct pulse or increment of emplaced magma; for our data, this refers to the group of grains used to characterize the final solidification of the magma. The term antecryst pertains to zircon grains that grew in an earlier pulse of magma or within a discrete reservoir and were subsequently entrained in a later pulse. A xenocryst is described as a zircon crystal that is incorporated from the enclosing country rock during magma emplacement. Xenocrysts are in general adequately older (several million years) relative to the intruding pulse of magma so as to be readily interpreted as unrelated to the magma system. Inherited zircon is synonymous with xenocryst, referring to the presence of zircon that has survived partial melting of the source and/or assimilation processes of wall rock dur ing intrusion.
Wallowa Arc Terrane: Oxbow Complex
Previous geochronologic results for intru sive rocks from the OXC (Fig. 2) include UPb ages for two deformed tonalite bodies (Walker, 1986) . Two multigrain zircon analyses from a mylonitic tonalite dike (CO801) www.gsapubs.org | Volume 9 | Number 2 | LITHOSPHERE Discordant ages were interpreted as a minimum age for the pluton (Walker, 1986 Ar hornblende cooling ages for intrusive rocks from the Oxbow complex range from 228 to 214 Ma and are interpreted as the time of peak metamor phism (Phelps, 1978; Avé Lallemant et al., 1980 Balcer, 1980) . In this section, we present new UPb zircon crystallization ages for one deformed quartz diorite pluton from the Oxbow complex, and a quartz diorite pluton located ~10 km south of Oxbow, Oregon, along the Brown leeOxbow Highway (Fig. 2 ).
Quartz Diorite (OX08-02)
Ten zircon grains from a deformed quartz diorite (OX0802) collected in the OXC (Fig. 2) are concordant with 206 Pb/ 238 U ages that range from 261.30 ± 0.50 Ma to 258.98 ± 0.17 Ma (Fig. 6A) . Six analyses provide a weighted mean crystallization age of 259.14 ± 0.18 Ma (MSWD = 2.8, n = 6; Table 1 ). Three older analyses are interpreted as either antecrysts from earlier phases of crystallization or as xenocrysts.
Quartz Diorite (OX08-08)
Eight zircon grains from a quartz diorite (OX0808) located to the south of the OXC ( (Fig. 6B ). All eight crystals yield a weighted mean crystallization age of 258.74 ± 0.6 Ma (MSWD = 0.29, n = 8; Table 1 ).
Wallowa Arc Terrane: Salmon River Canyon
Walker (1986) provided UPb ages for two samples collected in the Salmon River canyon. Two multigrain analyses from a mylonitic tonal ite pluton (SC801) yielded ages of 259 Ma and 258 Ma. Two multigrain analyses from a second deformed tonalite pluton (LU801) gave UPb ages of 261 Ma and 259 Ma.
Tonalite (SAL09-01)
Eight zircon grains from a tonalite pluton (SAL0901) exposed within the Salmon River canyon ~3 km south of Slate Creek, Idaho, are concordant with 206 Pb/ 238 U ages that range from 269.09 ± 0.16 Ma to 268.43 ± 0.21 Ma (Fig. 6C) . Seven analyses give a weighted mean crystal lization age of 268.57 ± 0.07 Ma (MSWD = 1.5, n = 7; Table 1 ). One older zircon grain is interpreted as either an antecryst or a xenocryst.
Olds Ferry Terrane
Previous geochronologic investigations in the OF provided one UPb crystallization age of 235 Ma for the Brownlee pluton (HU791 of Walker, 1986) and five KAr ages that range from 200 Ma to 171 Ma (Armstrong and Besancon, 1970; Bruce, 1971; Hendricksen et al., 1972) . In this section, we present new UPb zircon crystalliza tion ages for nine intrusive units to help constrain the timing and duration of magmatism in the OF.
Brownlee Trondhjemite (HT04-04)
Seven zircon grains from the Brownlee trondhjemite (HT0404; Fig. 3 www.gsapubs.org | Volume 9 | Number 2 | LITHOSPHERE mean crystallization age of 237.68 ± 0.07 Ma (MSWD = 1.8, n = 7; Table 1 ).
Tonalite (HT07-02)
Nine zircon grains from a small tonalitic body (HT0702) located just southeast of the Brownlee trondhjemite (Fig. 3) (Fig. 7B) . Seven consistent analyses give a weighted mean crystallization age of 237.60 ± 0.05 Ma (MSWD = 1.9, n = 7; Table 1 ). Two younger zircon ages of 236.28 ± 0.15 Ma and 220.23 ± 0.15 Ma imply variable Pb loss. The statistically identical ages for the Brownlee trondhjemite and this tonalite support the interpretation that they are portions of a single pluton.
Granodiorite (DC08-07)
Eight zircon grains from a biotite granodiorite (DC0807; Fig. 4 (Fig. 7C) . Three analyses provide a weighted mean crystallization age of 228.61 ± 0.08 Ma (MSWD = 0.81, n = 3; Table  1 ). Younger zircon ages from 227.97 ± 0.17 Ma to 224.25 ± 0.13 Ma imply variable amounts of Pb loss, possibly related to the intrusion of the nearby Iron Mountain granodiorite (DC0706; Fig. 4 ).
Gabbro (RC07-06)
Eight zircon grains from a gabbro (RC0706) collected in Rush Creek canyon (Fig. 5 ) yielded concordant analyses with 206 Pb/ 238 U dates rang ing from 221.29 ± 0.12 Ma to 220.80 ± 0.13 Ma (Fig. 7D) . Six analyses provide a weighted mean crystallization age of 220.88 ± 0.05 Ma (MSWD = 1.17, n = 6; Table 1 ). Two slightly older zircon ages of 221.29 ± 0.12 Ma and 221.13 ± 0.13 Ma are interpreted as antecrysts.
Quartz Diorite (RC07-03)
Nine zircon grains from a quartz diorite (RC0703) collected in the Rush Creek canyon ( U ages rang ing from 221.20 ± 0.13 Ma to 220.22 ± 0.12 Ma (Fig. 7E) . Three separate clusters of analyses are recognized, indicating distinct pulses of zircon crystallization. The youngest group of crystals gives a weighted mean age of 220.29 ± 0.06 Ma (MSWD = 1.3, n = 4), constraining the time of final crystallization ( Table 1 ). The two older clusters of analyses are interpreted as antecrysts and represent earlier phases of crystallization at 221.18 ± 0.11 Ma (MSWD = 0.25, n = 2) and 220.78 ± 0.08 Ma (MSWD = 0.001, n = 3). The oldest group of analyses for this sample tempo rally correlates with the two oldest grains from sample RC0706, while the younger group of antecrysts from this sample matches the crystal lization age of the gabbro (Fig. 7D ).
Porphyritic Granodiorite (RC07-04)
Five zircon grains from a porphyritic grano diorite (RC0704) collected in Rush Creek can yon (Fig. 5) Isotopic compositions of intrusive rocks, Wallowa and Olds Ferry arc terranes | THEMED ISSUE (Fig. 7H) . Six analyses give a weighted mean crystallization age of 216.48 ± 0.06 Ma (MSWD = 0.81, n = 6; Table 1 ). The youngest analysis may have experienced a small amount of Pb loss and was not included in the weighted mean calculation.
Iron Mountain Granodiorite (DC07-06)
Five zircon grains from a hornblendebio tite granodiorite (DC0706) collected near Iron Mountain (Fig. 4) (Fig. 8) .
TRACE-ELEMENT GEOCHEMISTRY
Geochemical data for intrusive and extrusive rocks (and associated hypabyssal units) from the WA and OF arc terranes have been broadly used to characterize tholeiitic versus calcalkaline magma series, determine potential source res ervoirs, and interpret likely tectonic settings (Vallier, 1995) . Kurz et al. (2012) supplemented these data with new major and traceelement compositions for plutonic rocks of the CCC in the WA terrane. Vallier (1995) presented lim ited major and traceelement data for intrusive units of the OXC, providing the only geochemi cal description of these basement rocks. In this section, we present new traceelement data for plutonic basement rocks of the OF, OXC, and Salmon River corridor (Data Repository materi als and Table S3 ), and we illustrate these data with respect to fields for the Late Permian-Early Triassic and Late Triassic lithologies of the CCC published by Kurz et al. (2012) . These data are presented in concert with UPb age constraints to document temporal trends in the composi tion of recorded magmatism. Samples for which there are both geochemical and UPb age data are uniquely symbolized to illustrate temporal variations in composition.
Wallowa Arc Terrane
Intrusive rocks of the Oxbow complex show primitivemantle-normalized traceelement pat terns indicative of subduction origins, includ ing negative high field strength element (HFSE) anomalies and accompanying enrichments in large ion lithophile elements (LILEs; Fig. 9A (Fig. 10A) . A Ta versus Yb discriminant diagram for granitic rocks (Pearce et al., 1984) demonstrates that all samples plot within the volcanic arc granite (VAG) field (Fig.  10B) . A Th/Yb versus Ta/Yb discriminant dia gram for volcanic arc rocks (Pearce, 1982) shows that samples from the Oxbow complex plot within both the islandarc tholeiite (IAT) and calcalkaline (CA) fields (Fig. 10C) . In all of these discriminant diagrams, the traceelement distinctions between Permian-Triassic felsic intrusives and Late Triassic mafic intrusives are paralleled in both the CCC and OXC.
Samples collected along the Salmon River also show negative primitivemantle-normal ized HFSE anomalies and positive spikes in LILEs, signifying an arc environment (Fig.  9B) . Chondritenormalized REE patterns for the Middle Permian tonalite and its interpreted comagmatic quartz diorite show LREE enrich ment and extended traceelement patterns remi niscent of the Permian rocks of the CCC and OXC. The intrusive diabase dike in the Salmon River canyon is geochemically more similar to the Late Triassic rocks of the CCC and OXC.
Olds Ferry Arc Terrane
Primitivemantle-normalized spider dia grams of incompatible trace elements for OF basement rocks show patterns typical of magmas formed in a subduction environment (Figs. 9C and 9D (Pearce et al., 1984) shows all samples from the OF fall within the field for volcanic arc granites (VAG; Fig. 10B ). A Th/Yb versus Ta/Yb discriminant diagram for volcanic arc rocks (Pearce, 1982) illustrates that samples of plutonic basement for OF plot within both the islandarc tholeiite (IAT) and calcalkaline (CA) fields (Fig. 10C ).
ISOTOPE GEOCHEMISTRY
Until recently, RbSr, SmNd, and common lead (Pb) isotopic data for accreted arc terranes of the Blue Mountains Province were virtually nonexistent, posing a significant information gap and hindrance to the understanding of the tectonic evolution of the region. Schwartz et al. (2010) provided the first published Sr and Nd isotopic data for igneous and sedimentary rocks from the WA and Baker terranes and used them to test hypotheses related to the origin of sedi mentary rocks from the WA and the Baker ter ranes. In this section, we report new Sr, Nd, and Pb isotopic data for intrusive basement rocks from the WA and OF arc terranes (Data Reposi tory materials and Table S4 ).
Wallowa Arc Terrane
Intrusive rocks of the CCC (i.e., the WA) exhibit initial 87 Sr/ 86 Sr ratios that range from 0.7026 to 0.7032, and positive initial ε Nd i val ues that range from +6.74 to +9.53 (Figs. 11A-11C ). Sr and Nd isotopic compositions do not show any systematic variation with respect to corresponding UPb crystallization ages (Kurz et al., 2012 www.gsapubs.org | Volume 9 | Number 2 | LITHOSPHERE from +2.04 to +7.65 (Figs. 11A-11C 
DISCUSSION
Highprecision UPb zircon ages presented in this study help to define the timing and dura tion of magmatism in the OF and WA-Seven Devils arc terranes. New traceelement and Sr, Nd, and Pb isotopic data further character ize and discriminate pulses of arc magmatism and highlight fundamental geochemical differ ences. In this section, we begin by describing the magmatic histories of the OF and WA arc terranes by combining new and existing data to build a temporal and geochemical framework for comparison. We then integrate our results into a hypothesized tectonic model to explore the geo logic evolution of the Blue Mountains Province.
Magmatism in the Olds Ferry Arc
New and existing UPb ages for intrusive lithologies and supracrustal rocks from the Hun tington Formation, combined with documented field relationships, distinguish three pulses of magmatism and two unconformities in the OF from the Middle Triassic to the Early Jurassic. Prior to the late Middle Triassic (ca. 237.6 ± 0.1 Ma), the OF produced mafic to felsic tholeiitic magmatism typified by the Brownlee trond hjemite. From 237.6 ± 0.1 Ma to prior to 228.6 ± 0.1 Ma, the OF underwent a period of uplift and erosion with no preserved record of igneous activity. In the early Late Triassic from 228.6 ± 0.1 Ma to 210.0 ± 0.1 Ma, a second cycle of mafic to felsic, tholeiitic to calcalkaline mag matism became isotopically more enriched with time. After the emplacement of the Iron Moun tain granodiorite (ca. 210.0 ± 0.1 Ma) until the deposition of the upper member of the Hunting ton Formation, the OF records a second episode of erosion and hiatus in igneous activity. The initiation of explosive felsic volcanism asso ciated with the upper Huntington Formation (Brooks, 1979; Vallier, 1995; Tumpane, 2010) represents the third episode of igneous activity in the OF, which began sometime after 210.0 ± 0.1 Ma and lasted until the Early Jurassic (ca. 187.1 ± 0.1 Ma; Tumpane, 2010) .
The oldest episode of magmatism in the OF (older than 237.6 Ma) is constrained by the age of the Brownlee trondhjemite and the nature of its contact with the overlying Huntington Forma tion. Field relationships reported by Tumpane (2010) show that the Brownlee trondhjemite is the depositional basement for both members of the Huntington Formation. The maximum age for this cycle of igneous activity is unknown. Thus far, the Brownlee trondhjemite is the only mappable unit associated with this episode of magmatism; however, additional evidence for older crystalline basement of the OF includes cobble to bouldersized plutonic clasts pre served within lower Huntington Formation con glomerates. A gabbro boulder (HT0704) was collected from one such conglomerate for trace element and isotopic analyses, and it indicated the occurrence of older mafic intrusive basement related to the OF.
Traceelement data for the Brownlee trond hjemite (HT0404) and the smaller exposure of tonalite to the south (HT0702; Fig. 3 ) illustrate convexupward chondritenormalized REE pat terns indicating depletion in the LREEs and deri vation from a previously depleted source (Figs. 9C and 10). The gabbro clast collected from the lower Huntington Formation is tholeiitic and exhibits overall REE depletion relative to all other samples from the OF and average depleted midoceanridge basalt (DMORB) of Salters and Stracke (2004) . This gabbro displays a con vexupward chondritenormalized REE pattern that illustrates extreme depletion of LREEs (i.e., La < chondrite) and a strong positive Eu anom aly, suggesting plagioclase accumulation. Unra diogenic initial values (+6.55-7.15) support the geochemical evidence for derivation from a relatively incompatible traceelementdepleted mantle source (Fig. 11) .
Intrusive rocks associated with the second cycle of magmatism are mafic to felsic in com position and are dominantly calcalkaline. The maximum age for this episode of magmatism (ca. 228.6 ± 0.1 Ma) is constrained by the UPb age of a biotite granodiorite (DC0807) collected east of Iron Mountain (Fig. 4) . Ammonite and bivalve fossils from a limestone unit in the lower Huntington Formation, which unconformably overlies the Brownlee trondhjemite and belongs to the second phase of magmatism, are late Car nian to early Norian in age (i.e., ca. 228 Ma, roughly the same age as the granodiorite) and support the placement of this pluton in the sec ond phase of magmatism. Traceelement data for this granodiorite also distinguish it from the Brownlee trondhjemite (Figs. 9C and 10) . UPb zircon ages for two samples from the lower Hun tington Formation (ca. 221.7 ± 0.1 Ma and 220.7 ± 0.2 Ma) are within the temporal range defining this magmatic cycle (Tumpane, 2010) . The mini mum age for this cycle of magmatism is con strained by the Late Triassic (ca. 210.0 ± 0.1 Ma) Iron Mountain granodiorite (DC0706), which is overlain by the upper Huntington Formation in the Dennett Creek area (Fig. 4 ; Payne and Northrup, 2003; Tumpane, 2010 values range from relatively radiogenic values (7.65) to more unra diogenic values (2.04). Sr and Nd isotopic data for apatite mineral separates from two lithologies collected from the lower member of the Hunting ton Formation fall within the range of analyzed intrusive rocks ( Fig. 11A ; Tumpane, 2010) .
The third cycle of magmatism is expressed only as volcanic flows and tuff breccias of the upper member of the Huntington Formation, the maximum age of which, 210.0 ± 0.1 Ma, is only broadly constrained by the age of the Iron Mountain granodiorite (DC0706). The age of the Iron Mountain granodiorite also provides a maximum age for the regionalscale unconfor mity that separates the lower and upper members of the Huntington Formation. This third mag matic cycle continued through the Early Jurassic, as constrained by the ca. 187.1 ± 0.1 Ma UPb age of a rhyolite tuff (DC0705) that defines the top of the upper member (Payne and Northrup, 2003; Tumpane, 2010) . The upper Huntington Formation is overlain by the Lower to Middle Jurassic Weatherby Formation (Brooks et al., 1976; Brooks, 1979; Imlay, 1986; Dorsey and LaMaskin, 2007) , which is defined at its base by a nonmarine conglomerate that grades into a shallow marine limestone (i.e., the Jett Creek (Brooks, 1979) . UPb zir con ages of 180.6 ± 0.2 Ma to 173.9 ± 0.1 Ma for volcanic tuff units collected just above the Den nett Creek limestone show that volcanic activity continued into at least the earliest Middle Juras sic (Tumpane, 2010; Northrup et al., 2011) . Sr and Nd isotopic data for apatite mineral separates from five samples collected in the upper member of the Huntington Formation and two from the lower Weatherby are consistent with values mea sured for plutonic rocks from the second cycle of magmatism ( Fig. 11A ; Tumpane, 2010) .
Magmatism in the Wallowa Arc
The CCC manifests the midcrust of the WA oceanicisland arc and records two temporally and compositionally distinct episodes of mag matic activity (Kurz et al., 2012 (Vallier, 1967 (Vallier, , 1977 , respectively. The Wild Sheep Creek Formation overlies the Hunsa ker Creek Formation above a regional unconfor mity that is reported throughout the WA (Vallier, 1977 (Vallier, ,1995 . This largescale feature temporally coincides with the Early Triassic to Late Triassic hiatus in intrusive magmatism.
Traceelement data for intrusive rocks from the CCC also clearly distinguish the two cycles of magmatism (Kurz et al., 2012 Kurz et al. (2012) as the result of spreading ridge subduction. Sr i ratios for intrusive rocks from both cycles of magmatism cluster between 0.7026 and 0.7032 and are ubiquitously unra diogenic ( Fig. 11 ; Table S4 ). The ε Nd i values are consistently radiogenic and range from +6.74 to +9.53. The field for Sr and Nd wholerock isoto pic data for magmatic rocks from the CCC shows a slight amount of overlap with that from the OF, but values are still decisively more depleted com pared to data for the OF. Common Pb isotopic data also illustrate a clear distinction between magmatic rocks of the WA and the OF.
Magmatic rocks exposed in the Salmon River canyon show similar lithologic and crosscut ting relationships to those in the CCC (Walker, 1986; Vallier, 1995) . A metamorphosed tonal ite pluton (SAL0901) dated at 268.57 ± 0.07 Ma confirms previous Middle to Late Permian UPb pluton ages from the Salmon River can yon (Walker, 1986 ). This tonalite is calcalka line, shows chondritenormalized REE patterns enriched in LREEs, and plots within fields for similaraged tonalitic rocks from the CCC (Figs.  9B and 10 ). An undated basalt dike (SAL0902) that crosscuts the tonalite is tholeiitic, exhibits a flat chondritenormalized REE pattern (Fig. 9B) , and consistently plots in or adjacent to fields for Late Triassic intrusive units from the CCC. The values for these samples also plot within the field determined for intru sive rocks from the CCC ( Fig. 11 ; Table S4 ). Our new UPb geochronologic, traceelement, and isotopic data confirm the supposition that rocks exposed in the Salmon River canyon represent an eastern extension of WA basement.
The OXC is lithologically and structurally similar to the CCC, containing numerous, vari ably deformed felsic dikes and small plutons that are often crosscut by later mafic intrusive units (Schmidt, 1980; Avé Lallemant, 1995; Vallier, 1995) . New UPb zircon ages for two quartz diorite plutons (OX0802 and OX0808) characterize Late Permian (ca. 259.14 ± 0.18 Ma and 258.74 ± 0.06 Ma) felsic magmatism. Several younger crosscutting mafic units were sampled for UPb age determination, but they contained no zircon. Previously published 40 Ar/ 39 Ar analyses for hornblende separated from these deformed mafic units indicated Late Triassic cooling ages (Phelps, 1978; Avé Lal lemant et al., 1980; Balcer, 1980) . We note that Middle to Late Triassic hornblende cooling ages for lithologically and structurally similar mafic rocks from the CCC were shown to overlap with active tholeiitic magmatism (Kurz et al., 2012) ; thus, we tentatively assign a Late Triassic age to these mafic intrusives.
Traceelement data show that the large major ity of these mafic rocks are tholeiitic, with the exception of one that lies on the dividing line between the islandarc tholeiite and the calc alkalic fields (Fig. 10C) Pb ratios coincide primarily with common Pb data from the CCC (Figs. 11D-11F ). These geochemical characteristics, as well as the two cycles of Late Permian calcalkaline and Late Triassic tholei itic magmatism, support correlation of the OXC with the WA arc terrane.
Isotopic Assessment of Potential Magma Sources
In this section, we discuss possible source reservoirs for magmatic rocks that characterize the WA and OF arc terranes and how this assess ment may contribute to paleogeographic inter pretations. Decades of research on oceanisland basalts (OIB) have delineated geochemical and isotopic characteristics of endmember mantle sources. Several mantle reservoir end members and/or intermediate sources have been defined, including, but not limited to, "depleted MORB mantle" (DMM), "enriched mantle I" (EMI), "enriched mantle II" (EMII), "highμ mantle" (HIMU, where μ = 238 U/ 204 Pb), "prevalent mantle" (PREMA), "primitive mantle" (PRIMA), and the "focus zone" (FOZO) mantle source (Hart, 1984 (Hart, , 1986 (Hart, , 1988 White, 1985; Zindler and Weaver, 1991; Eisele et al., 2002; Stracke et al., 2003 Stracke et al., , 2005 Salters and Stracke, 2004; Workman et al., 2004; Workman and Hart, 2005) . In this discus sion, we use the DMM, EMI, EMII, and HIMU mantle components to examine potential reser voirs for magmatic rocks of the WA and OF arcs.
In this section, we provide a brief descrip tion of the source reservoirs used in our analysis, and their presentday isotopic characteristics, which are based on compiled endmember OIB isotopic data. DMM is the source for MORBs, which exhibits average Sr, Nd, and Pb isoto pic ratios of 87 (Eisele et al., 2002; Stracke et al., 2003) . Geochemical www.gsapubs.org | Volume 9 | Number 2 | LITHOSPHERE modeling suggests that the EMI component incorporates a mixture of DMM with subducted pelagic sediments and other components such as recycled MORB and gabbro, or primitive mantle (Zindler and Hart, 1986; Eisele et al., 2002; Stracke et al., 2003 (Zindler and Hart, 1986; Workman et al., 2004) . Geochemical model ing recreates this enriched mantle end member from a mixture of depleted upper mantle with ancient recycled oceanic crust and continentally derived terrigenous sediments (Zindler and Hart, 1986; Workman et al., 2004 (Zindler and Hart, 1986; Stracke et al., 2005) .
When using OIBderived endmember man tle components in the context of studying OIB, they may be plotted using their presentday com positions because little time has passed to mod ify their composition by continued production of respective daughter nuclides. However, when comparing older (i.e., Paleozoic or Mesozoic) magmatic rocks, timeintegrated isotopic evo lution must be accounted for in order to make accurate comparisons. Thus, in this study, we compiled modeled parent/daughter (P/D) ratios for the DMM, EMI, EMII, and HIMU reservoirs from the literature and used them to evolve the isotopic compositions of the respective reser voirs back to the Middle Triassic (i.e., 235 Ma), so that a valid comparison with intrusive rocks of the WA and OF could be made. Data Repository  Table S5 provides presentday Sr, Nd, and Pb isotopic ratios, P/D ratios, and the backevolved Middle Triassic isotopic compositions for each component (see footnote 1).
Sr, Nd, and Pb isotopic data for magmatic rocks from the OF are dispersed along trajecto ries that suggest a possible mixing relationship between the DMM and EMII mantle compo nents (Figs. 11A-11F ). To explore this observa tion, binary mixing models between the DMM and EMII reservoirs were constructed using cal culated Sr, Nd, and Pb concentrations and isoto pic ratios for each end member (Table S5 ). Nd and Pb concentrations for the EMII component were varied slightly (well within their respec tive uncertainties) when generating the binary mixing models. A second binary mixing model using parameters for DMM and average North American miogeocline (Ghosh and Lambert, 1989; Schwartz et al., 2010;  Table S5 ) was con structed to assess the possibility of interactions between magmatic rocks of the OF arc terrane and continentally derived material rather than the EMII mantle component. In addition to con sidering average North American sedimentary material as a binary end member (Ghosh and Lambert, 1989) , we also calculated an average composition for Proterozoic crust that underlies much of SW Montana and central Idaho (i.e., the Selway terrane; Mueller et al., 1995; Fos ter et al., 2006) . However, the average Sr and Nd traceelement concentrations and isotopic compositions for Proterozoic crust of the Sel way terrane are identical to those determined for average miogeocline, and so the resulting binary model would be identical to that constructed with average miogeocline parameters.
A threestage evolution model was used to explore Pb isotopic characteristics of magmatic rocks from the WA and OF (Figs. 11D-11F ). Terrestrial Pb isotope evolution was calculated to 1.8 Ga using the twostage model of Stacey and Kramers (1975) . For the third stage (1.8 Ga to the present), m and k (i.e., Sr space (Fig. 11A) , iso topic compositions of magmatic rocks from the WA are described by an ~2% to ~6% contribution of the EMII component, while OF isotopic data require ~8% to ~25% of the EMII end mem ber. Binary modeling in ε Nd i 206 Pb/ 204 Pb isotopic space (Fig. 11B) Sr space (Fig. 8C) . We varied Nd and Pb concentration parameters in our mixing model to assess what values would be required to obtain similar EMII proportions, but we found that this would neces sitate variation beyond the given uncertainties for the modeled EMII source from Workman et al. (2004) . In Pb space, WA data show that <~6% of the EMII component is required to describe these samples, while OF rocks need a contribution of ~6% to 10% (Fig.  11D) . Our threestage Pb evolution model also demonstrates that WA Pb may be characterized by a depleted Proterozoic source that evolved with m values ranging between 5 and 7.25, and k values that range from 14 to 24 (Figs. 11E and  11F ). The Pb compositions of magmatic rocks from the OF may be explained by a more fertile Proterozoic source with m values ranging from 7.25 to 9.74, and k values that range between 24 and 36.84.
Sr, Nd, and Pb isotopic data for magmatic rocks of the OF consistently display more enriched compositions compared to intrusive units of the WA. Binary mixtures between DMM and the EMII mantle component provide a dependable explanation for the more isotopi cally enriched nature of OF magmatism. Recall that the EMII mantle component is inferred to be a mixture of an enriched mantle source and subducted, continentally derived, terrigenous sediment (Zindler and Hart, 1986; Workman et al., 2004) . Thus, we interpret the genesis of mag matic rocks of the OF to have involved some degree of interaction with enriched continental material. This interaction may have occurred as either contribution of enriched subducted sediments and subsequent modification of the mantle wedge, and/or through physical inter mingling and assimilation of continental crust during magma emplacement. Contrasting with our findings for OF intrusive units, magmatic rocks of the WA are consistently depleted, indi cating derivation from a predominantly DMM source within an intraoceanic setting.
Arc-Arc Collisional Model for the Blue Mountains Province
The tectonic evolution of the Blue Mountains Province has been described within the frame work of two differing tectonic models. The first model illustrates the WA and the OF as two tem porally distinct phases of volcanic activity within a single composite intraoceanic arc system (Val lier, 1977 (Val lier, , 1995 Brooks and Vallier, 1978; White et al., 1992) . The second tectonic model inter prets the contemporaneous development of two distinct magmatic arcs, a continentalfringing OF and an intraoceanic WA, within a doubly convergent Molucca Sea-type arcarc collision (Dickinson and Thayer, 1978; Dickinson, 1979; Avé Lallemant et al., 1980 Mortimer, 1986; Follo, 1992; Avé Lallemant, 1995; Dorsey and LaMaskin, 2007; Schwartz et al., 2010) . In this section, we integrate the geochemical, isoto pic, and geochronologic frameworks for the OF and the WA into a tectonic model (Fig. 12 ) that follows the arcarc collision scenario.
Stage One
Stage one illustrates the time interval from the Middle Permian to the Early Triassic (ca. 268-248 Ma). During this stage, the WA existed 
Paleoequator
Paleolatitude of WSD based on strata from the Hunsaker Creek Fm. (Harbert et al., 1995) Accretion site (~268 Ma) (13.5 N. Lat.; Irving and Irving, 1982 www.gsapubs.org | Volume 9 | Number 2 | LITHOSPHERE as an intraoceanic arc dominated by extensive felsic calcalkaline volcanism manifested by the Windy Ridge and Hunsaker Creek Formations of the Seven Devils Group and their intrusive equivalents exposed within the CCC, the Salmon River canyon, and the OXC ( Fig. 12A ; Vallier, 1967 Vallier, , 1977 Vallier, , 1995 Kurz et al., 2012) . Sections of the Clover Creek Greenstone of Gilluly (1937) correlate with the Hunsaker Creek Formation (Vallier, 1977) . During this time, magmatism in the WA is interpreted to have been produced through NWdirected subduction beneath a southeastfacing arc that was located in the Northern Hemisphere at a paleolatitude of 24° ± 12°N (Harbert et al., 1995; Vallier, 1995) . The nature of this earliest cycle of magmatism in the OF is unconstrained in the studied outcrop belts, although one could speculate that an older component of the OF has been buried by subse quent phases of arc construction. This hypoth esis requires further investigation.
Stage Two
Stage two includes the time interval after the Early Triassic and prior to the early Late Trias sic (ca. 248-229 Ma; Fig. 12B ). In this interval, the WA was magmatically inactive. Penetrative deformation recorded in the Permian Hunsaker Creek Formation is also broadly constrained within this period of time (Kurz et al., 2012) . Regional uplift and erosion associated with vol canic inactivity and deformation are manifested by a welldeveloped regional unconformity that truncates the Permian Hunsaker Creek Forma tion of the Seven Devils Group (Vallier, 1967 (Vallier, , 1977 . The concurrent hiatus in magmatism, deformation of Permian supracrustal rocks, and regional uplift and exhumation of the WA were interpreted by Kurz et al. (2012) to have resulted from the initial stages of spreading ridge sub duction beneath the WA.
Following intrusion of the ca. 238 Ma Brown lee pluton, the OF also underwent a period of volcanic inactivity, as well as extensive regional uplift and erosion, resulting in the development of the unconformity developed on the Brownlee trondhjemite (Tumpane, 2010) . The exhumation and erosion of crystalline basement during this interval are also reflected by abundant plutonic clasts in conglomerate units of the lower Hun tington Formation. The relatively synchronous exhumation of the WA and OF during this inter val of time perhaps indicates that these two arcs were responding to the same tectonic drivers.
Stage Three
Stage three involves the time period from the Late Triassic to the late Early Jurassic (ca. 229-187 Ma; Fig. 12C ). In the Late Triassic, mag matism was renewed within the WA, producing voluminous mafic to intermediate magmas mani fested by the Wild Sheep Creek and Doyle Creek Formations of the Seven Devils Group (Vallier, 1977 (Vallier, , 1995 , and their intrusive equivalents exposed in the CCC (Kurz et al., 2012) . Por tions of the Clover Creek Greenstone of Gilluly (1937) are also Triassic in age and are perhaps correlative with Middle to Late Triassic supra crustal rocks of the Seven Devils Group (Vallier, 1977 (Vallier, , 1995 . Major and traceelement data for this younger cycle of magmatism are tholeiitic and contrast with the calcalkaline Middle Perm ian to Early Triassic cycle of volcanic activity (Kurz et al., 2012) . This distinct change from felsic calcalkaline magmatism to voluminous mafic and intermediate tholeiitic volcanism occurred after significant deformation, uplift, and erosion of the WA. This combination of phenomena supports the interpretation of Kurz et al. (2012) , which calls upon the subduction of a spreading ridge as a common mechanism for these events (see also Cole and Stewart, 2009 , and references therein). Cole and Stewart (2009) described magmatism in the forearc and accre tionary prism as a hallmark in documented cases of spreading ridge subduction. Although this type of magmatism is not specifically reported by Kurz et al. (2012) , numerous early Late and Late Triassic intrusive bodies are reported within portions of the Baker terrane accretionary com plex, mostly as faultbounded tectonic slices (Ferns and Brooks, 1995; Vallier, 1995; Walker, 1995; Schwartz et al., 2010) . In fact, Schwartz et al. (2010) reported a finegrained diorite that intruded metavolcaniclastic rocks of the Elkhorn Ridge Argillite from the Bourne subterrane of the Baker terrane. These plutonic bodies could have been associated with forearc magmatism during spreading ridge subduction, many of which (though not all) were structurally over printed during the amalgamation and accretion of the Blue Mountains Province. Furthermore, traceelement characteristics of Late Triassic intrusive rocks from the CCC are comparable to the late Paleocene to Eocene Caribou Creek volcanics of southern Alaska (Cole et al., 2006; Cole and Stewart, 2009 ). The Caribou Creek vol canic field is related to slab window volcanism that resulted from spreading ridge subduction beneath the Talkeetna arc (Cole et al., 2006) .
Late Triassic magmatism in the CCC was synchronous with the development of leftlateral, midcrustal, intraarc mylonitic shear zones pro duced during sinistraloblique convergence, and these are constrained by UPb crystallization ages from crosscutting Late Triassic intrusive bodies (Kurz et al., 2012) . Leftlateral motion related to leftlateral oblique subduction sup ports the southward transport of the WA relative to the OF arc and North America at this time (Avé Lallemant and Oldow, 1988 Ar hornblende cooling ages from the CCC coincide with magmatism and deforma tion and suggest fairly rapid exhumation of the WA (Balcer, 1980; Snee et al., 1995) . Plutonic clasts within conglomerate units of the Wild Sheep Creek and Doyle Creek Formations also indicate uplift and erosion of the WA (Vallier, 1977; Follo, 1992) .
Late Triassic volcanogenic rocks of the Wild Sheep Creek and Doyle Creek Formations are gradationally and unconformably overlain by the Late Triassic Martin Bridge Limestone (late Car nian to early Norian; Nolf, 1966; Vallier, 1977; Stanley et al., 2009; Riguad et al., 2010) . The Martin Bridge Limestone is overlain by silici clastic marine turbidites, shale, locally abundant carbonate and chertclast conglomerate, and sedimentary breccia of the Late Triassic to Early Jurassic Hurwal Formation (Nolf, 1966; Follo, 1992) . Middle to Late Jurassic marine rocks of the Coon Hollow Formation overlie the Wild Sheep Creek and Doyle Creek Formations along an angular unconformity that removes the Mar tin Bridge Limestone and the Hurwal Forma tion (Morrison, 1963; Vallier, 1977; White and Vallier, 1994) . At Pittsburg Landing, Idaho, the lower Red Tuff unit of the Coon Hollow Forma tion, which was recently dated at 196.82 ± 0.06 Ma, marks the end of Triassic-Early Jurassic magmatism in the WA (LaMaskin et al., 2015) .
In the OF arc, this interval of time corre sponds to the second cycle of magmatism (ca. 229-210 Ma), defined by the deposition of the lower Huntington Formation over the erosional Brownlee trondhjemite, and the emplacement of the intrusive bodies characterized in this study (Fig. 12C) . Traceelement data for this cycle indi cate predominant calcalkaline characteristics, and they contrast with geochemical data from the first cycle (Figs. 6 and 7) . Later within this time period, volcanic centers in the OF either shifted or igneous activity ceased altogether, and the area experienced a second episode of exhumation (Tumpane, 2010) . This event is illustrated by the truncation of the lower Huntington Formation and the development of a regional unconformity, documented in both the Huntington and Dennett Creek areas, that formed after 210 Ma and before 188 Ma (Tumpane, 2010) . The upper Huntington Formation manifests the third cycle of magma tism identified in the OF, overlying the lower Huntington Formation and the Brownlee trond hjemite along an angular unconformity near Hun tington, Oregon, and the Iron Mountain grano diorite in the Dennett Creek area (Figs. 3 and 4) .
The final arcarc collision of the OF and WA terranes is not recorded in the plutonic rocks that were the subject of this study. Nonetheless, we view the progression of magmatic, tectonic, Isotopic compositions of intrusive rocks, Wallowa and Olds Ferry arc terranes | THEMED ISSUE and exhumation events outlined here as likely culminating in amalgamation of the OF and WA arcs within the next few tens of millions of years of the Middle Jurassic, similar to models pro moted by recent studies (Schwartz et al., 2010; Ware, 2013; LaMaskin et al., 2015) .
Terrane Correlations
Links between constituent terranes of the Blue Mountains Province and Paleozoic to Meso zoic lithotectonic elements along the western North American Cordillera have been difficult due to a lack of geochronologic, geochemical, and isotopic constraints. However, the generation of new and recent data offers new opportunities for comparison. In the past, the Wallowa, Baker, and Olds Ferry terranes have been correlated with accreted terranes to the north as a collective tectonostratigraphic assemblage. For example, the Wallowa, Baker, and Olds Ferry comprise a westtoeast triad consisting of magmatic arcargillitematrix mélange-magmatic arc, similar to that documented in the Intermontane super terrane of the Canadian Cordillera (e.g., from west to east: the Stikinia arc terrane-Cache Creek argillitematrix mélange terrane-Quesnellia arc terrane). Lithologic, faunal, structural, and tem poral similarities between these northern arc related terranes and those in the Blue Mountains Province might allow a northtosouth continua tion of the group (Mortimer, 1986; Stanley and SenowbariDaryan, 1986) .
The Stikinia and Quesnellia arc terranes have been variously interpreted as a single magmatic belt (Church, 1975; Monger, 1977; Monger and Church, 1977; Dostal et al., 1999 Dostal et al., , 2009 , and as separate volcanic arcs (Mortimer, 1986) . These interpretations have led to a range of tectonic models that attempt to explain their presentday positions in relation to one another and rela tive to the intervening Cache Creek mélange. Among these are (1) the rightlateral offset of a single arc (Wernicke and Klepacki, 1988; Beck, 1991 Beck, , 1992 Irving et al., 1996) , (2) the oroclinal closure of a single arc and consumption of the intervening ocean basin (Nelson and Mihaly nuk, 1993; Mihalynuk et al., 1994; , (3) Middle Jurassic thrusting of the Cache Creek terrane over the arc and subsequent synclinal folding Gehrels et al., 1991) , (4) the extrusion of highpressure rocks of the Cache Creek terrane into the central portion of the arc (Dostal et al., 2009) , and (5) the collision of two distinct arcs, an outboard Stikinia arc terrane and an inboard Quesnellia arc terrane (Mortimer, 1986) .
Sr, Nd, and Pb isotopic data presented in this study support a pericratonic setting for the Olds Ferry arc ( Fig. 11 ; Dickinson, 1979; Miller, 1987; Dorsey and LaMaskin, 2007; Schwartz et al., 2010) , similar to interpretations for the Stikinia and Quesnellia arcs (Breitsprecher et al., 2007; Dostal et al., 2009 , and references therein). Magmatic rocks from the Olds Ferry terrane are isotopically similar to Late Triassic extrusive and intrusive rocks from both Stikinia and Quesnellia (Ghosh, 1995; Smith et al., 1995; Dostal et al., 1999 Dostal et al., , 2009 ). The lower member of the Huntington Formation is lithologically and temporally similar to the Middle to Upper Triassic stratigraphy of Stikinia and Quesnellia, which includes arcrelated, mafic to intermedi ate volcaniclastic units, massive flows, and epi clastic rocks deposited in subaerial and subma rine environments (i.e., the Takla, Stuhini, and Nicola Groups; Mortimer, 1987; Monger et al., 1992; Ferri and Melville, 1994; Pantaleyev et al., 1996; Dostal et al., 1999 Dostal et al., , 2009 MacIntyre et al., 2001; Beatty et al., 2006; MacIntyre, 2006; Breitsprecher et al., 2007) . Middle to Late Tri assic volcanogenic assemblages from Stikinia, Quesnellia, and the Olds Ferry arc terranes are also bounded by similaraged unconformities (Dostal et al., 2009) . Stratigraphic, lithologic, and temporal similarities between Late Triassic assemblages from these different arc terranes provide reasonable evidence for their associa tion and representation of a single continuous fringing arc system in the Late Triassic and pos sibly into the Early Jurassic.
Provided the interpretation that Stikinia and Quesnellia represent portions of the same arc, then promoting a northtosouth correlation between the WA-Baker-OF and Stikinia-Cache Creek-Quesnellia groups requires that the WA and the OF are also portions of a single arc. How ever, UPb ages, and geochemical and isotopic data from the WA and OF show that these arcs are fundamentally different. For example, in Late Triassic time, traceelement data illustrate dominant tholeiitic magmatism in the WA con temporaneous with predominantly calcalkaline magmatism in the OF (Fig. 9) . Furthermore, Sr, Nd, and Pb isotopic data clearly distinguish the Middle Permian to Late Triassic intraoceanic WA arc from the isotopically enriched fringing OF arc (Fig. 11) . This geochemical and isotopic distinction appears to preclude any model that employs a single, contemporaneous WAOF arc system.
Exploring possible scenarios of separate WA and OF arcs leads to previous interpreta tions of the Wallowa terrane as a fragment of Wrangellia, which is exposed in the Vancouver Islands of British Columbia and in the Wrangell and St. Elias Mountains of southeastern Alaska (Jones et al., 1977; Hillhouse et al., 1982; Wer nicke and Klepacki, 1988; Dickinson, 2004) . This comparison has been questioned based on differing lithologic and stratigraphic characteris tics, and aspects of basalt geochemistry (Mullen and Sarewitz, 1983; Sarewitz, 1983; Scheffler, 1983; Mortimer, 1986; Richards et al., 1991; Greene et al., 2008 Greene et al., , 2009 ). However, previous work involving the geochemistry, geochronol ogy, and paleontology for Middle to Late Trias sic rocks of Wrangellia revealed important and useful data that clarify its potential relationship to other accreted terranes (Smith and MacKevett, 1970; Read and Monger, 1976; MacKevett, 1978; Mortensen and Hulbert, 1991; Lassiter, 1995; Muttoni et al., 2004; Israel et al., 2006; Bitten bender et al., 2007; Schmidt and Rogers, 2007; Brack et al., 2008) . Kurz et al. (2012) described similar lithostratigraphic characteristics between Wrangellia and WA, such as late Paleozoic arc and marine sequences that were subsequently overlain by voluminous, predominantly mafic volcanic sequences above a regional unconfor mity. Middle to Late Triassic basalt sequences from both WA (e.g., Wild Sheep Creek Forma tion) and Wrangellia (e.g., Nikolai and Karmut sen Formations) are also nearly synchronous and were erupted over a relatively short inter val of time. Primitive mantle-and chondrite normalized traceelement patterns of extrusive rocks of WA and Wrangellia are similar and may be linked through common mechanisms of spreading ridge subduction (Kurz et al., 2012) or hotspot volcanism (Richards et al., 1991; Greene et al., 2008 Greene et al., , 2009 . Following this interpretation, WA represents an outboard intraoceanic arc, dis tinct from the OF arc, that began initial interac tions possibly as early as the Late Triassic, prior to amalgamation with the OF and eventual accre tion to the North American craton by the late Early Cretaceous (Walker, 1986; Vallier, 1995) .
Lithospheric Structure
Regional mapping east of the OregonIdaho border by Hamilton (1963) Kistler and Peter man, 1973) . The work of Armstrong et al. (1977) spurred numerous studies that have helped to characterized the lithologic, structural, and geo chemical nature, and tectonic significance of this fundamental lithospheric boundary (cf. Isotopic compositions of intrusive rocks, Wallowa and Olds Ferry arc terranes | THEMED ISSUE and Criss, 1985; Criss and Fleck, 1987; Lund and Snee, 1988; Strayer et al., 1989; Leeman et al., 1992; Manduca et al., 1992 Manduca et al., , 1993 McClel land et al., 2000; Giorgis et al., 2005 Giorgis et al., , 2008 Gray and Oldow, 2005; King et al., 2007; McClelland and Oldow, 2007; Benford et al., 2010) . Rocks that spatially coincide with this tran sitional boundary record multiple episodes of deformation; the orientations of major structural features related to these events are also gener ally concordant with respect to the inferred sub vertical geometry of the boundary. The Salmon River suture zone is located in westcentral Idaho and consists of a broad thrust belt that records the suturing of arc terranes to North America in the Early Cretaceous (Selverstone et al., 1992; McClelland et al., 2000; Giorgis et al., 2007) . The western Idaho shear zone is a relatively narrow mylonite zone that overprints the Salmon River suture zone recording Middle to Late Cretaceous dextraloblique intraarc shearing (McClelland et al., 2000; Giorgis et al., 2005 Giorgis et al., , 2007 Giorgis et al., , 2008 . The western Idaho shear zone extends for ~350 km and may represent the northern extension of similaraged shear zones found within the Sierra Nevada batholith (BusbySpera and Saleeby, 1990; Benford et al., 2010) .
North of Cambridge, Idaho, focused geo chemical transects show that the transition from low to high initial 87 Sr/ 86 Sr compositions occurs over distances ranging from <1 km to ~15 km (Fig. 14; Fleck and Criss, 1985; Criss and Fleck, 1987; Manduca et al., 1992; King et al., 2007) . However, to the south, isotopic gradients are less steep. An isotopic profile across south eastern Oregon and into the Snake River plain (~43°N lat.) shows the transition from primi tive oceanic initial 87 Sr/ 86 Sr values to enriched cratonic compositions occurring over a distance of >150 km, based on the initial Sr isotopic compositions of Neogene basalts and rhyolites (Leeman et al., 1992) .
We compiled initial Sr isotopic and spatial reference data for late Paleozoic through Ceno zoic igneous rocks from eastern Oregon, west ern Idaho, northern Nevada, and southeastern Washington from the literature and the North American Volcanic and Intrusive Rock Database. These data were combined with recent Sr, Nd, and Pb c isotopic data for late Paleozoic and early Mesozoic intrusive rocks from the WA and OF of the Blue Mountains Province (Schwartz et al., 2010; Kurz et al., 2012; this study) . Point data for ~1600 samples were mapped using Arc GIS software (ArcMAP) and symbolized based on age and 87 Sr/ 86 Sr i values, providing a com prehensive isotopic image of the lithospheric mantle (Fig. 13) . The 87 Sr/ 86 Sr i data in 50 km swaths were projected onto three crosssectional profiles using ArcMAP to illustrate isotopic gra dients orthogonally across inferred boundaries that separate the constituent arc terranes of the Blue Mountains and the western Idaho shear zone (Fig. 14) . All data references are provided in the Data Repository.
Initial Sr isotopic data along profile AA′ illustrate an abrupt change between accreted arc lithosphere of the Blue Mountains to the west and cratonic material of North America to the east (Figs. 13 and 14A Sr i data located to the west of the inferred bound ary for the WA terrane are again predominantly less than 0.7035 (Fig. 14B) Along the western side of the southernmost profile CC′, initial Sr isotopic compositions are dominantly less than 0.7045, but they show a sharp increase that coincides with the location of the aeroradiometric (K/eTh) boundary identi fied by Evans et al. (2002) (Figs. 13 and 14C) . The northern end of the K/eTh line intersects with the southwesterly projection of the OF arc terrane boundary. Between the K/eTh line and the western Idaho shear zone, 87 Sr/ 86 Sr i isotopic compositions range from ~0.7035 to ~0.7075 (Fig. 14C) Sr i compositions along these three geochemical profiles (Fig. 14) show sharp west toeast increases that spatially correspond with the inferred WAOF arc terrane boundary, the western Idaho shear zone (i.e., the OF arc-conti nent transition), and prominent geophysical gra dients (i.e., the K/eTh line; Evans et al., 2002) . We propose that the lithospheric column between the K/eTh domain boundary (Evans et al., 2002) and the western Idaho shear zone (Figs. 13 and  14C ) represents the crust and mantle components of the OF terrane. Although Evans et al. (2002) interpreted the K/eTh boundary as the western extent of cratonal North America, a northeast projection of the K/eTh line rather intersects the inferred contact between the Mesozoic Izee basin and the OF terrane, thus constraining the presence of these arcrelated rocks to the east of this geophysical boundary. Furthermore, mil limeter to centimetersized radiolarian chert and argillite xenoliths occur in Miocene vol canic rocks near Westfall Butte, Oregon (Fig.  13) , suggesting the presence of Baker terrane rocks directly beneath the K/eTh line, which also implies that the OF arc lies to the east of the K/eTh line.
The 87 Sr/ 86 Sr i compositions for Triassic intrusive bodies from the OF arc are transi tional between isotopically primitive rocks of the WA arc and evolved material located to the east of the western Idaho shear zone (Figs. 13  and 14B ), and they may be used to explain spa tially related isotopic variability observed in younger volcanic rocks in the region. Leeman et al. (1992) proposed that transitional isotopic compositions for Neogene basalts and rhyo lites from southeastern Oregon, southwestern Idaho, and northern Nevada may be explained via derivation from oceanic and continental reservoirs that were juxtaposed along a west dipping basal décollement associated with Cre taceous Sevier thrusting, which placed depleted oceanic source rocks above subcontinental lithospheric mantle (Fig. 14D ). In this model, juxtaposed oceanic and cratonal mantle would coincide with the zone between the K/eTh line and the western Idaho shear zone. However, based on the 87 Sr/ 86 Sr i data for Triassic igneous rocks from the OF arc terrane and its possible extension to south, this intermediate isotopic zone has been present since the early Mesozoic.
We argue that a lithosphericscale décollement is not needed to explain isotopic variation in younger volcanic rocks. Rather, the spatially systematic isotopic variation of Cenozoic volcanic rocks may be explained by partial melting across three compositionally distinct lithospheric columns established in the Triassic, prior to Sevier shortening (Fig. 14E) . Abrupt increases of 87 Sr/ 86 Sr i values that correspond to crustal boundaries support a picture of vertical to subvertical boundaries between composition ally distinct lithospheric blocks.
Sr, Nd, and Pb c isotopic data for late Paleo zoic and early Mesozoic intrusive rocks from the WA and OF arc terranes also provide insights for the geochemistry of lithospheric components involved with the Cenozoic tectonomagmatic evolution of the region. Of particular interest is the petrogenesis of chemically distinct lowK, highalumina olivine tholeiites, which are inter preted as being derived from a depleted MORB mantle end member with varying degrees of contamination by smallvolume melts of mafic lithosphere (Hart et al., , 1997 Shoemaker and Hart, 2002) . Sr and Nd isotopic composi tions of highalumina olivine tholeiites over lap with fields for intrusive rocks from the WA and OF arc terranes (Fig. 15A) . In SrPb c space, Isotopic compositions of intrusive rocks, Wallowa and Olds Ferry arc terranes | THEMED ISSUE compositions of highalumina olivine tholei ites occur almost entirely within the field for OF intrusive rocks (Fig. 15B) . Based on these cursory isotopic observations and our proposed lithospheric model (Fig. 14D) , we infer that depleted arc mantle associated with the OF arc terrane may have had a strong and direct influ ence on the petrogenesis of younger igneous rocks in the region.
CONCLUSIONS
New Sr, Nd, and Pb isotopic data for intru sive rocks from the basement intrusive rocks of the Blue Mountains Province help to clarify paleogeographic interpretations for the WA and OF arc terranes. Isotopic data from both cycles of magmatism recorded in the WA show that these intrusive rocks formed in an intraoce anic islandarc setting and were derived from depleted mantle sources. Highprecision UPb ages for intrusive and extrusive rocks from the OF distinguish three pulses of igneous activity and two previously undocumented unconfor mities in the OF from the Middle Triassic to the Early Jurassic. Sr, Nd, Pb isotopic data for intrusive rocks of the OF show that they were generated from a more isotopically enriched source compared to those from the WA, and they establish a clear distinction between the two arcs. This distinction strengthens current paleogeographic interpretations of the OF rep resenting a fringing continental arc, and it pro vides a basis for comparison and correlation to other Cordilleran arcs as well.
Initial (Evans et al., 2002) . A lithospheric scale basal décollement is not needed to explain the spatial variability in the isotopic composi tions of Neogene volcanic rocks in the region (e.g., Leeman et al., 1992) . Variation in isoto pic compositions for Neogene volcanic rocks in southeastern Oregon and southwestern Idaho may be explained by partial melting across three distinct lithospheric columns. Arcrelated litho spheric mantle associated with the OF terrane may have played a significant role in the Ceno zoic tectonomagmatic evolution of the region, specifically with regard to the petrogenesis of highalumina olivine tholeiites.
